Detecting and monitoring emissions from flaring gamma-ray sources in the very-high-energy (VHE, 4 100 GeV) band is a very important topic in gamma-ray astronomy. The ARGO-YBJ detector is characterized by a high duty cycle and a wide field of view. Therefore, it is particularly capable of detecting flares from extragalactic objects. Based on fast reconstruction and analysis, real-time monitoring of 33 selected VHE extragalactic sources is implemented. Flares exceeding a specific threshold are reported timely, hence enabling the follow-up observation of these objects using more sensitive detectors, such as Cherenkov telescopes.
Introduction
At present, more than 40 extragalactic sources have been detected by Imaging Atmospheric Cherenkov Telescopes (IACTs) to have an energy above 100 GeV [1, 2] . Most of these sources, around 30, belong to the blazar class of active galactic nuclei (AGNs), mainly as BL Lac objects. The emission from blazars is highly variable and is characterized by a flaring behavior, in which the flux increases dramatically on various time scales, even down to the hour time scale. Many interesting studies in physics can be done on the flaring phenomenon or variability studies. For instance, spectral variations of gamma rays from the sources are used as a tool to understand the physics of the source. Therefore, studying or monitoring their variability with sufficiently low exposure times is necessary.
A high duty cycle ( $ 95%) and a wide aperture ( $ 2 sr) of ARGO-YBJ allow the detection of flaring behavior associated with these AGNs, if whose flare emissions are intense enough. Two very interesting flaring events have been observed by ARGO-YBJ. First, in June 2008 [3] , ARGO-YBJ successfully observed flares of Mrk 421 on a timescale of 3 days, whereas IACTs could not do so due to moonlight. In February 2010, an excess signal (around 4 standard deviation (s.d.)) from Mrk 421 is captured within a one-day transit [4] . These observations confirm that ARGO-YBJ is capable of the real-time monitoring of transient phenomena associated with variable sources.
The present study conducts real-time monitoring of selected extragalactic flaring sources. Section 2 briefly describes the experiment setup and Section 3 introduces the candidate sources. The details of the monitoring procedure are described in Section 4: time calibration, event selection, and fast reconstruction. This is followed by the presentation of the background estimation and the search for an excess in the nearby cells and in the running windows. Then the alarm threshold and chance probability are described. The results of the test run are presented in Section 5. only the data from the shower mode are used. In this mode, the arrival time and fired strip pattern of each fired pad are recorded for subsequent geometric reconstruction. The trigger threshold refers to the number of fired pads greater than 20 within the 420 ns triggering window, whereas the trigger rate is about 3.5 kHz [6] . The completed ARGO-YBJ detector has been collecting data since November 2007.
ARGO-YBJ experiment

Source selection
A list of VHE extragalactic candidates collected by Wagner [1] (Fig. 1) are chosen for the monitoring procedure. From this list, only 31 sources are within the field of view of the ARGO-YBJ detector. VHE L3þC [7] is added to the list upon the authors' curiosity, and the Crab Nebula is added to supervise frequently the monitoring procedure and ensure that it is stable. Moreover, it also acts as a direct indication of the sensitivity of the detector to a steady VHE point source. Table 1 shows all the 33 candidates.
Monitoring scheme
Calibration and event selection
An off-line time calibration procedure [9] is adopted to remove systematic time effects from the read-out channels. In this fastreconstruction mode, the time calibration data for the last period are used instead of those of the current period, which will be officially produced every 10 days based on data. Fig. 2 shows the distributions of the opening angle using different time calibrations for the same sets of data. We found that the difference is less than 0:11. Therefore, only trivial effects are produced while taking into account an angular resolution of the detector at about 0:81 for a pad multiplicity greater than 100-obtained from a full Monte Carlo simulation.
A single run of the ARGO-YBJ detector usually lasts for a couple of hours. Raw data are split into tens of files, each with a duration of about 7 min. A raw data file is transferred to the IHEP (Institute of High Energy Physics, Beijing) and INFN (Istitute Nazionale di Fisica, Roma) computer center through the Internet usually within half an hour after its creation. After receiving a raw data Table 1 List of selected candidates. The parameters of these sources, such as flux, spectrum and redshift, are obtained from the reference papers provided in [1] ; and another two: [8] for Crab, [7] for VHE L3 þC. file, the reconstruction program starts to process it automatically. Raw data reconstruction is the most time-consuming process in the whole analysis procedure. Considering the detector's high trigger rate and the limited angular resolution at low energy, only events with the number of fired pads greater than 100 can be used, thus the median value of the energy distribution is 1.8 TeV, assuming a spectral index of 2.4. The data set used in this analysis contained all showers with a zenith angle less than 601. No other event selections are applied. On a typical CPU, a file can be reconstructed within 2 h. For this study, we employed an average of 15 CPUs.
Search for excess 4.2.1. Background estimate
The surrounding region method [7] is used for estimating the background. Briefly, this method relies on the fact that the ratio, 1/R, of events from a region located around the cell of interest to the number of events of the signal region remains constant for a fixed direction with respect to the detector. It can be measured by the experiment over a long period. By measuring the number of events in the signal region within the same time interval and by knowing R, the expected number of background events in the cell of interest can be calculated. Then the Li-Ma prescription [10] is adopted to calculate the significance. To match angular resolution and the significance optimization, the sky-cell bin widths are set equal to Dd Fig. 3 shows the significance distribution of all sky cells for data collected within one day, which are arbitrarily selected in 2010. Data are well-fitted to a normal distribution, indicating that the method employed produced excellent background estimation.
Sky cell shifts
Several issues should be considered when choosing the sky cells for a source:
(a) The source should not reside exactly at the center of a sky cell because sky cell divisions are defined beforehand without optimization to any source; (b) Precise correction to the systematic pointing error of ARGO-YBJ is not applied in the current study because of its dependence on event selection criteria and source positions.
From moon-shadow analysis [11] , with a significance of 55 s.d., a systematic shift of the moon shadow of (0.19 70.02)1 toward the north is observed.
To avoid the positioning problems shown in Fig. 4 , 36 shifts are employed on every sky cell, with a space of 1/6 cell width both in declination and in right ascension. Among these shifts, only the 24 nearest sky cells (equivalently, removing the three shifts in each of the four corners) are adopted for every source, in order to restrict a reasonable angular distance between the cell center and the source. The maximum distance between the center of any of these adopted sky cells and the source position is less than 0:861. The shifted 24 sky cells overlap each other and their events are correlated. For a specific source, only the maximum significant excess among these nearby cells is kept, indicating the significance of the source.
Duration search
At present, no well-accepted theoretical model has been developed to understand the duration of the transient flaring phenomenon. Observation of Mrk 421 indicates that a flare may last from several hours to several days.
In the analysis, each source is monitored until it disappeared from the field of view of the detector (zenith angle 4 601). Upon its disappearance, the excess significance of 1, 2, 4, and 8 day transits (i.e., sidereal days) are calculated immediately, and the maximum is taken to represent the significance of the source for that day (Fig. 5) .
Thus, a sidereal daily maximum significance of a given source is identified from 24 cell shifts and four time binnings.
Alarm
As previously discussed, the excess of any source is searched from 24 sky cells nearby and in four time binnings, and the significance is evaluated once per sidereal day. Severe correlations exist in both space and time, although no simple distribution for an excess can be used to calculate the chance probability. In this case, a Monte Carlo simulation that emulates the search procedure, including the search for the maximum significance from 24 cell shifts and four time binnings, for a single source is constructed to sort the significance distribution, assuming that there are no signal emissions from the source. Fig. 6 presents the simulation results, with a mean value of 1.814, RMS of 0.705, and the number of entries corresponding to the number of days. Reasonably a Gaussian distribution is not followed. Further simulation revealed that this distribution did not depend on the background intensity in the sky cell, as shown by the two superposition curves in the plot. From the plot, the chance probability for a significance threshold can be calculated easily. After converting the chance probability to time duration, the relationship between the number of years for a single source (or all 33 sources) and the significance threshold can be obtained (Fig. 7) . Thresholds of 4.30 and 5.04 s.d. correspond to a chance probability of once per 5 years for a single source and all 33 sources, respectively. The chance probability of once per 5 years indicates that fake alarms brought by background fluctuations would happen once, at most, in the remaining duration of ARGO-YBJ.
The 33 sources are classified into two categories based on the observation history of ARGO-YBJ: (i) sources that have been observed, such as Mrk 421, and (ii) sources whose flares have not been detected yet. The threshold for sources in the first category is set to 4.30 s.d., and that for the other is 5.04 s.d. Once a source were detected to exceed its threshold, an alarm email would be immediately and automatically sent to the people concerned.
When a source in category (ii) is detected above its threshold, it would be manually elevated to category (i). This guarantees that the source would be monitored in a more active state hereafter, and any subsequent flares can be reported in a more timely manner.
In addition to the occasional alarm e-mail, daily reports summarizing excess information on all the sources for the past day are sent to the people concerned. This monitors the running status of the whole analysis procedure. In the future, all daily reports for all sources would be released on a public Web page, similar to what Fermi-LAT [12] and Swift [13] have done.
In summary, the monitoring chain is composed of raw data reconstruction, search for excess around selected sources, and alarm information release.
Results of the test run
The monitoring procedure described above has been preliminarily established in June 2010. A test to detect the past flares of Mrk 421 is undertaken using a total of 12 months data, including from January to too in this analysis in 1-day transit; see Fig. 8 for the evolution of the significance, from which the three flares can be identified clearly. This proves the validity of the whole analysis scheme.
During the test run, once an alarm is produced, two further online checks are implemented assuming that the excess is due to a flaring of signal from a point source. First, the equi-zenith method [14] is used to cross-check and to obtain a significance contour plot of the excess. Second, a two-dimensional maximum-likelihood fit to the event distributions [7] is carried out. These follow-up analyses are completed in 3 h, and the results are sent by e-mail to the designated recipients. Fig. 9 shows a 
Summary
With the high duty cycle and wide field of view of the ARGO-YBJ detector, a real-time monitoring and alerting system for selected VHE extragalactic sources is established. Data of any candidate source can be analyzed within 3 h after it ends the transit in the local sky, and a detected flare event can be notified to the community soon after the analysis. The monitoring procedure has been successfully proven to be capable of detecting and reporting three Mrk 421 flares. A Web page to release daily monitoring reports is currently under construction. 
